Summary. The effect of`Protease' on the zona pellucida of fertilized and unfertilized sheep eggs was examined, and the effects ofthe treatment and of mechanical removal of part of the zona on the subsequent development of fertilized eggs was assessed in vitro and in vivo.
INTRODUCTION
In many mammalian species the zona pellucida prevents polyspermic fertiliza¬ tion (Braden, Austin & David, 1954) and may also be responsible for the normal developm.ent of fertilized eggs during early cleavage stages by maintaining the integrity of the inner cell mass. In the mouse, rat, rabbit and pig, a relatively intact zona is essential for the continued development in vivo of recently fertilized eggs (Nicholas & Hall, 1942; Seidel, 1952 Seidel, , 1956 Seidel, , 1960 Tarkowski, 1959; Moore, Adams & Rowson, 1968; Moore, Polge & Rowson, 1969) . Blastocysts and eight-cell eggs of the rat and mouse, from which the zonae have been completely removed, will show continued development in vitro, but on transfer to recipients only blastocysts show continued development (Bronson & McLaren, 1970; Modlinski, 1970; Brun & Psychoyos, 1972) . In the sheep, Moor & Cragle (1971) found that eight-cell eggs, from which the zonae were removed enzymatically, failed to show continued development both in vitro, and after transfer to recipient ewes.
The zona appears to be necessary during early cleavage stages, but in most species it is shed during expansion of the blastocyst, exposing denuded cells to the uterine environment. At about the time the zona is lost, critical changes must occur in the characteristics of the egg or the surrounding environment.
The aims of the present study were to examine the effects of a proteolytic enzyme on the zona pellucida of sheep eggs and to determine the potential for further development of sheep eggs of known ages following damage to, or removal of, the zona pellucida.
MATERIALS AND METHODS
Eggs which had been collected from Merino ewes in which multiple ovulation had been induced with an equine anterior pituitary extract (HAP) were used in two experiments. The eggs were aspirated from ovarian follicles or were recovered by flushing the oviducts and uterine horns in vivo with Dulbecco phosphate buffer (C.S.L. Melbourne: composition in g/1: NaCl, 8-0; KC1, 0-2; Na2HP04 (anhydrous), 1-15; KH2P04, 0-2; CaCl2, 0-1; MgCl2, 0-1) enriched with 10% heterologous sheep serum (DB+10% S). Experiment 1. Fertilized and unfertilized eggs which had been collected from the oviducts and uteri of donor ewes 2 to 5 days after they had been mated to entire or vasectomized rams were incubated with a 'Protease' from Streptococcus griseus (Sigma). Follicular eggs which had been collected, either 2 to 3 days after the onset of oestrus ('unovulated eggs'), or 12 to 24 hr before the estimated time of ovulation ('preovulatory eggs') were similarly treated with 'Protease'.
Eggs from atretic follicles were discarded, as were those eggs which were not surrounded by at least one layer of corona radiata cells. 'Protease' was prepared as a 0-5% solution (w/v) (Killeen & Moore, 1970) so that, in relation to ovulation, Day-2 eggs were only 24 to 36 hr old, yet the properties of their zonae were quite different from those of follicular eggs. The changes in the zona associated with ovulation may result from the release of the eggs from the surrounding follicular fluids or from ex¬ posure to the oviducal environment. Day-4 eggs showed a marked change in susceptibility to digestion and it could be expected that by the 4th day after oestrus most eggs would have entered the uterus (Lang, 1969; Hoist & Braden, 1972) . The most simple explanation for the increased susceptibility of ovulated eggs to 'Protease' digestion lies in a change in the zona resulting either from ageing, or from exposure to the uterine environment.
Changes in the chemical properties of the zona have been reported, but only in relation to the zona reaction following penetration by spermatozoa. In rodents, the release of trypsin-like proteolytic enzymes from the cortical granules of the vitellus can be induced by contact with spermatozoa or by electrical stimulation. These enzymes appear to alter the zona and effectively block sperm penetration (Austin & Braden, 1956; Barros & Yanagimachi, 1971; Gwatkin, Williams, Hartmann & Kniazuk, 1973) , but the form of the change in the chemical structure of the zona has not yet been described. In the present study, fertiliz¬ ation had only a minor effect on the susceptibility of the zona to digestion, similar to that reported by Moor & Cragle (1971) . In the sheep it would appear that penetration of the zona by spermatozoa and the resulting changes in the properties of the zona associated with the zona reaction do not markedly alter the susceptibility of the zona to digestion by 'Protease'. Continued cleavage of eggs in culture following removal of the zona has been observed in other species (Mintz, 1962 (Mintz, , 1964 (Mintz, , 1965 Edwards, 1964; Tarkowski & Wroblewska, 1967; Mochow & Olds, 1968; Brackett, Killen & Peace, 1971) (Moore & Spry, 1972) . There are indications, however, that they retain their potential for full development in vivo (Moore, 1970) . Normal survival and development has also been obtained with eggs of more advanced cleavage stages following the transfer of eggs, cultured in a similar medium for 2 and 3 days, even after the eggs were stored for up to 2 days at 5°C (Moore & Bilton, 1973) . A more likely explanation for the reduced survival of eggs with exposed blastomeres appears to lie in the rôle played by the zona in retaining the integ¬ rity of the cells, or in the ability of the zona to protect the egg from destruction by hostile factors within the uterine environment. Bronson & McLaren (1970) suggested that failure of zona-free eight-cell eggs to survive in the mouse following transfer to the oviducts, as distinct from quite high rates of survival of zona-free blastocysts transferred to the uterus, was due to dispersion of blastomeres of the eight-cell eggs during their passage through the oviducts. The presence of intercellular connections in blastocysts of the rat and their absence in eight-cell eggs (Schlafke & Enders, 1967) was quoted to support this suggestion. Modlinski (1970) 
